Mechanically deboned meat (MDM) and mechanically deboned tissue (MDT) are used in the meat industry to an ever-increasing degree. The quality of mechanically deboned meat, its high protein content, good technological characteristics and comparatively low cost make the product a profitable and useful raw material. Mechanically deboned meat is a wholesome, nutritious, highly palatable product with a bright future as food. Its properties permit its incorporation in the production ofheat-processed meat products composed of comminuted raw materials. Regulations are given in the legislation of several countries concerning the chemical composition, use and storage of such meat.
MECHANICAL DEBONING
The oldest mechanical meat separator is said to have been a drum-type separator, adapted by the Japanese fish industry in early 1940'5. The machine consisted of a belt and a perforated beltwheel. When the fish bones fell inside the rotating belt, they were crushed against the drum and the meat passed through the perforations into the drum. The second type of separator to be developed was a rotating auger and the third was a pressure roller (1) .
Today's methods are grouped according to their operating principles: 1) Ground bones are pressed against a filter, separating the bone from the meat (e.g. Paoli, Beehive, Lynggaard). The newest development of such equipment is a device into which a spiral conveyor brings the crushed bone-and-meat and where a knife-pack cuts the meat from the bones (Poss). 2) The bones are pressed against a filter and only the meat passes through (e.g. Baaijens, Protecon, Inject Star, Amersfoort, 369 JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND Laska, Hydrau). 3) Finely ground bones are mixed with salt water and centrifuged (KS-Herta-equipment).
Various chemical, biochemical and physical separation methods have been investigated in conjunction with mechanical deboning but in practice the mechanical deboning methods generally used almost all belong to one of the above gategories (2) .
FACTORS GOVERNING MECHANICAL DEBONING AND THE RECOVERED MEAT
The machines handle either chopped bones or bones precleaned with a knife to varying degrees. The quality and quantity of deboned meat is governed by age, breed and animal species, origin of bone, quality and method of meat separation, ratio of meat to bone and also of skin on poultry bones.
Mechanically deboned meat generally differs from other meat primarily in the content of substances originating from bones and bone marrow. These are mainly calcium,phosphorus, fluorine, iron and some lipid compouds. According to most investigations (1), these substances are a benefit rather than a disadvantage to the meat industry and to the customers. However, their usage is restricted or forbidden in products intended for special use. The origin of bone has a noticeable effect on the quality of deboned meat. According to Goldstrand (3) the chemical composition of meat separated from the neck bones of a pig is 14.2-15.1% protein, 24.7-29.9% fat and 53.7-60.3% moisture. Field et al. (4) reported that the highest protein content is encountered in meat separated from the sow loin bones (14.01%), veal frame bones (17.57%), veal backbones (15.98%) and beef neck bones (17.18%). These authors separated meat by a Beehive-machine, in which the perforation size of the cylinder was 0.46mm. The highest fat contents were in meat separated from blade bones (42.37%) and thigh bones (41.89%). As would be anticipated, meat separated from bones having a higher meat content also has a higher protein content, whereas meat separated from bones having less meat content has a higher fat content due to bone substance and bone marrow. According to Goldstrand (3) meat mechanically separated from the bones of a low-fat bull had a high protein content (16 -17%) and little fat (9.9-24.4%). He also reported that meat separated from ham bones contains 10.0% protein, 42.3% fat and 44.6% moisture. These results are rather similar to those published by Field et al. (4) .
Mechanically deboned meat presents two main problems for its utilization(s).The first is the physical quality of the product produced. Because the meat has lost its muscular structure it may have a high potential for developing rancidity. Its largely amorphous nature, possibly strong color, and relatively poor keeping qualities limit its potential usage. The second drawback is connected with nutritional quality: the fat, bone and connective tissue content of MDM could introduce important health considerations if used in large quantities, although acceptable if it is used as an ingredient in compound foods. Technology should aim towards a better quality product both physically and nutritionally, although one will probably follow with the improvement of the other (6) .
With continually increasing demands on the world's food supply, new techniques, improvements of old methods, improved recovery and utilisation of waste and the introduction of novel foods are all becoming increasingly important.
Mineral content
The most important minerals in deboned meat are calcium and iron. The average calcium content of bones of varying ages, derived from different animal species and anatomical sites, is about 37% of the ash content of the bones (7) . The ash and calcium contents increase with age and calcification. The calcium content of mechanically deboned meat de-pends not only on the species of animal and origin of bones, but also conclusively on the type of machine used for cleaning the bones. When the deboning is based on scraping, the calcium content is generally greater than that achieved by other machine types.
When comparing calcium and ash contents of meat derived from different anatomical sites and species separated in the same machine, the sow loin bones and the veal back bones gave the lowest values, 0.41% and 0.54% calcium and 1.77% and 2.21 % ash (8) .
Lean that is free from bone contains approximately 12 mg of calcium per 100 g, and its ash content is about 1.2%, whereas fat contains 3 mg of calcium per 100 g and 0.2% ash (9, 10) . Many countries have legislative norms for calcium content.
Djujic et al. (11) published one of the most extensive reports on the mineral content of mechanically and hand deboned meat. The sample of mechanically separated meat was taken immediately after the mass had been well mixed, from several places in the container.
The iron content of mechanically deboned meat has been studied extensively. The bone itself contains very little iron (about 0.01%). Thus, the iron content of mechanically deboned meat indicates how much bone marrow has got into the meat. The iron content can also be used as a basis for comparison when examining different types of machines. According to Field at al. (12) the neck bone marrow of a bull contains 23.0 mg iron in 100 g, where as hip bone marrow contains 13.1 mg iron in 100 g. The iron content of mechanically deboned meat can vary greatly according to the origin of the bone and the type of machine used in separation.
Protein content

Amino acid composition
The amino acid composition of mechanically deboned meat has been studied e.g. by Prost (13) , who compared the composition of meat from pork shoulder and blade bones with sirloin.
A Seffelaar-Looyen bone separator was used. carefully hand cleaned before mechanical cleaning. The results show that the isoleucine content of MDM is noticeably higher than that of MST. The reason for this is the higher content of collagen in MST, because collagen contains very little isoleucine. The collagen content of MST was 6.72% and the corresponding content of MDM was 2.63%. The amino acid composition of mechanically recovered meat is of great importance in estimating its nutritional value. Essary et al. (15) in their studies on mechanically recovered turkey meat reported that the amino acid content was comparable with that of hand boned meat. Chang et al. (16) found that sulphur amino acids and isoleucine were limiting factors in mechanically recovered red meat. They were, therefore good indicators of protein quality, the highest quality protein coming from bones with large amounts of muscle adhering to them.
Fat content
The fat content of mechanically deboned meat is slightly higher than that of meat on average, due to the additional fat from bone marrow. The composition of fat in marrow bones differs from that of subcutaneous and intramuscular fat primarily because it contains more polyunsaturated fatty acids, phospholipids and cholesterol. Nevertheless the composition of fat in mechanically deboned meat is very similar to that of the fat of hand boned meat. The actual bone content in bonemeat is about 0.5-3.0% and fat content in bone is 0.06-0.10%. The fat content of bone marrow increases and changes in composition as the animal ages (17) .
Lipid oxidation catalysts
Catalytical effect of melmyoglobin Substances catalyzing lipid oxidation have been studied for a long time. It has been shown that meat from which bone has been mechanically removed is an excellent growth medium for microorganisms and, at the same time, that the quality of lipids deteriorates with storage. The reasons for this are contact of meat with a metal surface during mechanical removal of bone, the temperature increase during bone removal and blend of the meat with oxygen. At the same time, the bone marrow releases heme pigments, increasing the heme protein content (18) .
Earlier studies (19) also indicate that chicken and fish triglycerides and phospholipids, which contain high levels of polyunsaturated fatty acids, are definetely associated with lipid oxidation. Similar conclusions were reached by Sato et al. (20) who confirmed that heme iron concentrations up to 10 mg/g do not necessarily have an effect on lipid oxidation.
According to Liu (21) , heme proteins and non-heme protein compounds behave as active catalysts in lipid oxidation reactions. Metmyoglobin speeds lipid oxidation in the pH range 5.6-7.8, and the catalytical influence increases with increase in pH. Non-heme compounds act catalytically below pH 6.4. When the pH exceeds 7.8, lipid oxidation is considerably reduced, probably because the enzymatic reducing systems in meat are very active, utilizing the available oxygen and maintaining myoglobin in the reduced form, which is believed to be inactive as a catalyst.
In another connection Liu (22) confirmed that even though myoglobin remains catalytically inactive in raw meat, it does have an effect on cooked meat. In this case the high temperature has inactivated the deoxidizing enzymes and changed heme iron into non-reversible Fe-ions. This non-heme iron acts as a catalyst in cooked and stored meat. In addition to these effects a quantity of heme pigment is lost during heating and storage. Barbut et.al (23) showed that the total iron content is not necessarily a good indicator of the potential for lipid oxidation. The form of iron which is most catalytic has not been firmly established. Both heme and non-heme iron catalyze lipid oxidation in meat. Some investigators have reported that heme proteins are the predominant catalysts, while others examined heme and fat oxidation in turkey meat at various storage temperatures and confirmed that the oxidation of lipids and heme proteins accelerates at + 10°C (24, 25) . Clearly the temperature of + 10°C, used in the cleaning of bones, should not be exceeded. The catalytical effect of metmyoglobin and various metal ions such as Fe 2+ , Cu 2+ and Co 2+ on lipid oxidation in raw and cooked meats of different types was studied by Tichivangana et al. (26) . They concluded that the increase in lipid oxidation during cooking of the meat was caused by the release of non-heme iron. Lipid oxidation in meat fat of cooked lamb and beef was noted after five days of storage at + 4°C.
Fe-ions had clearly the highest catalytical impact, with the order : Fe 2+ >Cu 2+ >Co 2+ > MetMb. Of the samples examined, fish was most susceptible to oxidation, and the order for the different meats was: fish > turkey > chicken> pork >beef >lamb. The above order indicates the degree of unsaturation of the triglycerides. The catalytical effect of metmyoglobin on lipid oxidation becomes clear from Table 2 .
The effect of anti-oxidants, which prevent lipid oxidation, has been widely studied. Smith (25) investigated lipid oxidation both in hand boned and Beehive-machine boned turkey meat during packing and storage. Teno X 2 R , containing butylated hydroxyanisole, propylgallate and citric acid, was used as an antioxidant at a concentration of 0.02%. The lipid quality was analysed with the thiobarbituric acid test. The meat was packed in mylarpolyethylene film, stored at -20°C, and defrozen at +4°C (Figure 1 ). The effect of the anti-oxidant preparation is clearly evident in both meat samples. TBA numbers did not differ significantly between the meats from the two deboning methods at the same storage interval.
Moerck and Ball (27) noticed, that polyunsaturated fatty acids in particular were oxidized during the storage of mechanically separated chicken meat. After 15 days of storage the ratio of polyunsaturated fatty acids decreased from 25.5% to 13%. The level of oxidation was highest after six days of cold storage. Yasosky et al. (28) examined the effect of pH on lipid oxidation in fresh pork, and also the catalytical effect of metmyoglobin (MetMb). They confirmed that high pH values (pH 6.10) were less favourable to lipid oxidation. They found no correlation between MetMb content and lipid oxidation, and concluded that MetMb has no catalytical effect on lipid oxidation of raw meat at high pH ranges.
Young et al. (29) published results of the comparison of lipid, purine, nucleid acid and cholesterol contents of mechanically deboned meat and meat in general, and concluded that by giving limits to cholesterol, adenine or guanine contents of the meat, the other nucleic acids could also be controlled. In this way, bones releasing the least bone marrow into the meat could be chosen (30) .
The enzymatic lipid oxidation of mechanically deboned meat is not possible, because in animal tissue there is no lipoxidase.
The presence of backbone marrow can be eliminated by using ribs and other long bones. These bones, however, are easy to clean by hand, leaving very little meat for mechanical cleaning. Thus, meat obtained through mechanical cleaning contains more bone marrow than it would if the bones for cleaning could be sorted out some other way (31) . In the case of old and poor quality beef only bones from the vertebra are used. From pork and lamb, ribs and neck bones are used in addition to backbones (4). Mechanically deboned beef contains more bovine hemopoietic marrow, because beef neck bones are larger than those of pork or lamb (32) .
Presence of solid bone particles
Mechanically deboned meat contains small amounts of bone particles, the size and quantity of which depend on the machine used, the perforation size and the condition of the strainers (33) . The bones themselves have a bearing on the bone content of the separated meat, because hard bones shatter more easily than soft bones, and small fragments pass through most easily. The bones of older animals contain more calcium, and are therefore harder than those of young animals (34).
The bone particle content of the meat depends on the meatiness of the bones used for deboning. There are norms in the legislation of several countries concerning the bone content of mechanically deboned meat, stipulating both the size and the calcium content of the bone particles. Bijker et al. (35) published test results in which they compared for example the sizes of bone particles from different animal species and various anatomical bone sites. They used several different machines based on separation by pressure. According to the results obtained, the proportion of bone matter (<0.4%) in such meat is considerably smaller than in meat separated in an augertype machine (2.8 -4%). Schuler (36) studied poultry meat separated in different auger-type machines: The size of bone particles in the tested meat was examined using strainers with perforation sizes of 0.35 mm and 0.50 mm. No noticeable difference was found between the meat deboned using the two different strainers. In his paper 'Mechanically Deboned Red Meat' Field (37) reported that the bone content in meat hand boned from pork head and neck bones was 0.05-0.31%. He also stated that a bone particle range of between 12-840 pm can be considered safe for teeth as well as for digestion.
Tso et al. (38) showed that mechanical deboning yields meat containing approximately 0.5 % calcium. The bioavailability of the calcium in mechanically deboned meat (MDM) was compared with that from calcium carbonate fed in hand deboned meat (HDM) diets. Processing calcium carbonate with hand deboned meat to bologna, Thuringer or canned meat improved calcium bioavailability but did not increase the bioavailability of the calcium from MDM. Absoption of calcium were 62.7, 60.4 and 60.6%, respectively, from raw MDM, MDM bologna, MDM Thuringer and canned MDM. However, the percentage of calcium absorbed from calcium carbonate was increased slightly from 65.3, 65.9 and 65.6, respectively, when it was processed as raw HDM, HDM bologna and Thuringer to 69.0% when processed as canned HDM. The bioavailability of the calcium in MDM was similar to that of calcium carbonate, whether expressed as apparent absorption or as relative biological value.
Consumers are concerned about bone particles when the average size exceeds 0.50 mm (36) . This is probably smaller than the typical particles found in ground red meat products such as sausages and hamburgers. With mechanically deboned poultry meat , however, the size of the bone particles approaches the size of salt grain. No significant difference was found in the number of bone particles retained by the 0.35 mm screen and the 0.50 mm screen. In order to pass through the 0.50 mm screen, the particles must be aligned perpendicularly, and would appear in the product as longer fragments. Again, as yields increased, so did the number of bone particles, which is in part related to the speed at which material passed through the particular deboning machine. Cholesterol levels were higher in skin-less necks than in any other source which was an unexpected result and certainly of concern for processors wishing to produce low -cholesterol products. Finally, the number of large bone fragments from 0.50 mm to 0.85 mm was generally similar for products derived from all hand deboned carcass residues and from each of the deboners. However, the product from skinless necks contained a greater number of smaller bone particles than did other types of mechanically deboned poultry meat. Broiler MDPM(mechanical deboned poultry meat) prepared from backs and necks had significantly higher levels of ash, calcium and iron than fowl MDPM prepared from frames. These differences may be due to the differences in parts deboned and in the age of the birds. For example, softer bones from broilers (7 -8 weeks old) resulted in more bone particles being incorporated into MDPM than from the well calcified bones of fowl (39) .
MICROBIOLOGICAL QUALITY
Meat quality can be judged very well by the quantity of microbes. Generally it can be said that if the number of bacteria on the surface of meat exceeds IxlO 8 cfu/cm 2 , and inside 0.5xl0 8 -IxlO 8 cfu/g, the meat is unfit for human consumption. If the microbe count is IxlO 7 cfu/g, the meat is of poor quality.
The surface and inside of meat kept in cold storage contain mainly gram-negative bacteria belonging to the genera: Pseudomonas, Alcaligenes, Achromobacter, Flavobactehum and Serratia and gram-positive Micrococcus.
Red meat can also be a source of Salmonella, Clostridium perfrigens. Staphylococcus aureus, Campylobacter spp, Yersinia enterocolitica. Listeria monocytogenes and Aeromonas hydrophila (40, 41) .
Depending on the hygiene after slaughtering, the surface layers of pork carcasses contain about 10 2 -l0 4 cfu/cm 2 . This bacterial population consists mainly of Pseudomonas and Lactobacillus spp.
Factors influencing microbiological quality
If the pH of fresh meat exceeds 6, its shelf life decreases. At pH 6.5 or higher, the meat is of questionable quality. Mechanical deboning, however, can increase the pH to 6.6 because of release of bone marrow during separation. Thus, pH alone can not be taken to indicate microbiological deterioration of mechanically deboned meat, even though high pH improves the growth conditions for microbes. This also limits the shelf life of mechanically deboned meat, which means that it should be used or frozen as quicly as possible after deboning.
According to Field (37) the pH of hand boned beef is 5.9, whereas that of beef deboned in an auger-type machine is 6.3. The pH of beef muscle increased from 5.62 to 6.20 when 50% beef muscle and 50% marrow with a pH of 6.83 were mixed together. The pH of lamb muscle increased from pH 5.90 to 6.48 when mixed 50:50 with marrow of pH 7.29 (42) . In addition to microbial spoilage, increased pH also influences the water holding capacity of meat as a result of calcium and magnesium derived from bone. The microbiological quality of mechanically deboned meat is mainly governed by the quality of the bones used, the separation method chosen, hygiene in general and the effectiveness of the refrigeration of the bones and separated meat. During mechanical deboning the temperature should increase as little as possible (43) .
According to Abdel-Rahman (44), mechanical deboning does not increase the microbial count of meat in comparison with minced or hand boned meat. It is essential that the mechanical cleaning is performed as fast as possible with well cleaned and disinfected separators.
Kolozyn-Krajewska (45) examined the microbiological problems of hand boned and machine (Seffelaar-Looyen) boned pork. The storage temperature was +2.... + 4°C and the freezer temperature 18°C. The results indicated a steady increase in microbial count during cold storage, and also that the microbial population of mechanically deboned meat is greater than that of hand boned meat. The pH-value of mechanically deboned meat was higher than that of hand boned meat. Freezer storage at -18°C decreased the content of aerobic bacteria during 56 days of storage from 3.1xl0 6 cfu/g to 1.6xl0 s cfu/g . Bijker et al. (46) showed that Bacterial Quality Assurance (BQA) in meat production lines must be carried out by a longitudinally integrated safety assurance system based on:
(i) selection of raw materials; (ii) avoidance of colonization and proliferation during processing; (iii) maintenance of the original good quality of the product by distribution and storage techniques that avoid contamination and arrest microbial growth.
Pigments
Characteristics of meat pigments
The colour of muscle tissue is red. The intensity of colour depends on the quantity of myoglobin. Myoglobin ensures that the muscle can obtain the oxygen necessary for proper functioning. The more an animal uses a muscle, the more myoglobin is present, which is why leg muscles are darker in colour than back muscles. For the same reason, there are colour variations in the meat of different species. The myoglobin content of pork is only one quarter of that of beef. The pigment of meat is not very stable. When it changes into other substances, the change in colour is easily detected. The most important factors governing pigments are temperature, oxygen and bacterial activity ( Figure 2) (47) .
In retail selling of meat it is very important for the colour to appear natural. In retail packaging, for this reason, a suitably oxygenpenetrating film is used in order to obtain the bright red colour of oxymyoglobin on the surface of the meat. When cut meat is packaged to age in vacuum packs, its surface soon turns darker. The oxygen quantity is so small in vacuum packs that oxymyoglobin formed on the surface of the meat changes back into myoglobin. When the vacuum pack is opened, the colour of the meat changes back to red (48) .
Colour of mechanically deboned meat Goldstrand (3) showed that mechanically deboned meat (both pork and beef) has a higher colour intensity than corresponding beef and pork meats having the same protein and lipid contents. It has also been shown that blood cells from bone marrow impart a darker colour to mechanically deboned meat (9) .
The content of red bone marrow in mechanically deboned meat may vary considerably. The changes are mainly caused by the origin of bone, age of the animal, percentage of meat obtained from bones, and the machine used.
For instance the quantity of bone marrow in mechanically deboned meat has been analysed by porfyrin quantity (51) and by total pigment quantity (20) . One investigator (20) compared total pigment quantities in meat recovered from bones of various origins. A Beehive machine with perforation size 0.44 mm was used as a mechanical separator. The percentage of the marrrow could be calculated by adding four times the calcium percentage to the total meat percentage and dividing the sum by 100. It was also shown that the largest quantity of meat is obtained from neck bones of young bulls (45-48%).
Dawson et al. (51) studied the extraction of lipid and pigment components from mechanically deboned chicken meat. Meat with an elevated pH resulted in a purplish-red colour and a darker appearance due to alteration of the absorption characteristics of myoglobin. Since meat pigments become more red and darker at higher pH values, the increased lightness of mechanically deboned chicken meat subjected to the relatively mild bicarbonate washing treatment is probably attributable to extraction of the pigments from the meat rather than alteration or destruction of the pigments.
PACKAGING
General
The effect of packaging material on the storage properties of mechanically deboned meat has not been extensively studied. On the other hand, packaging of fresh meat has been widely investigated. For example, it has been shown that microbiological spoilage is at its lowest when the meat is packed into an environment containing carbon dioxide. The second best alternative is vacuum packing, followed by packing under nitrogen gas. The worst alternative is unpackaged meat (52, 53) .
Vacuum packaging
Vacuum packaging of meat has become more popular during the past 15 years in many countries.Vacuum packaging causes a shift in the microflora from a predominance of aerobic spoilage species to lactic acid bacteria. As a result of the impermeability of the packaging film, carbon dioxide builds up in the vacuum package (55) . This change in atmosphere within the vacuum package causes a decrease in the percentage of aerobic spoilage organisms, such as pseudomonas, and an increase in the percentage of lactic acid bacteria. Not only are lactic acid bacteria inhibited less than aerobic spoilage species by the increase in carbon dioxide, but some lactic acid bacteria may actually be stimulated by increased carbon dioxide concentrations (55) . Owing to the microbial activity, a slightly C0 2 -enriched atmosphere is achieved, which in part improves the storage properties of vacuum-packed meat.
Changed atmosphere
The carbon dioxide content (15 -25%) of the vacuum pack is most destructive especially to aerobic gram-negative bacteria, such as Pseudomonas spp.
Aavikko (56) reported a study made using mixtures of carbon dioxide (10,20 and 40%), oxygen (0, 1 and 3%) and hydrogen (90, 79 and 57%) as microbial growth retarders. The effect of carbon dioxide on bacterial growth was significant, and oxygen stimulated the growth of microbes. The oxygen content in a vacuum pack must be minimized, and the meat must be fresh, for carbon dioxide to be formed in the pack. The gas penetrability of the packing material should be as low as possible, and the material should be very durable and stable.
De Zytter and van Hoof (57) studied the microbiological characteristics of the fluid exuded from beef in vacuum pack, and its role in the decay of meat. The results showed that the fluid is microbiologically very susceptible to decay even during a short storage period, and it easily facilitates surface decay of meat. The effects of lactic acid bacteria and the penetrability of the packing material on deterioration of vacuum packed beef have also been studied. Vacuum packed beef was shown to deteriorate at + 5°C, even without noticeable microbe contamination. The meat spoiled, even though it was vacuum-packed in film with poor oxygen-penetrating qualities (1 cm 3 0 2 /m 2 /24 h/atm). The decay rate increased with the penetrability of the packing material (58, 59) . Studies on the effects of packing methods and light on the quality and storage properties of retail packaged pork showed that a vacuum pack is better for quality of pork than packing only in PVC film. A shelf life as long as three weeks can be achieved with a vacuum pack, if the storage temperature is +1... + 3°C (60, 61, 62) .
H. Wagner (63) reported that spices and mechanically deboned meat are the ingredients used in the processing of meat which are associated with an increase in the concentration of radiostrontium in the product. Strontium nuclides are enriched primarily in plants, and in the bones of animals with a low transfer rate into the musculature. Secondary contamination by radiostrontium is clearly evident as a result of processing spices and mechanically deboned meat. Secondary contamination with radiocaesium due to additives is of little importance because of the usually small quantities added and the relatively high rate of transfer of caesium from feed into meat.
CONCLUSION
It has been clearly shown that mechanically deboned meat is quite similar to handboned meat except for the small quantities of bone powder and the variable amounts of red bone marrow that are incorporated into the product during the mechanical deboning process. With continually increasing demands on the world's food supply, new techniques, improvements to old methods, the recovery and utilisation of waste and the introduction of novel foods are all becoming increasingly important. When bones are to be used for mechanical deboning they must be treated , from the outset, in the same way as meat.
In the early 1980's a number of social and scientific concerns have slowed progress in the adoption of deboned meat. Since then, the emphasis has been mainly on conserving protein. The use of bones with deviations of sensory quality resulted generally in MDM of inferior bacteriological quality. Conditions of collection and storage of MDM should be futher improved, and stringent uninterrupted refrigeration applied. Factors of concern include the storage stability of products containing MDM, bone particles, increased calcium and phosphate contents, the acceptability of products containing MDM and the protein efficiency ratio and iron bioavailability.
Nevertheless, mechanically deboned meat is a wholesome, nutritious, highly palatable product with a bright future as food.
Lipid oxidation, bacterial contamination, heme pigment release and bone marrow content of the product are major factors which influence the storage properties of all mechanically deboned meats.
